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Abstract of EP0735146 

Apparatus for producing molten pig iron by direct 
reduction of iron ore, comprises (i) a metallurgical 
vessel (13, 14), in which with supply of coal and 
oxygen the iron ore undergoes a final reduction 
with production of a process gas and said 
process gas undergoes a partial post- 
combustion, and (ii) a melting cyclone (12) in 
which the iron ore undergoes a pre-reduction and 
is melted. To improve the control of the thermal 
flows and to reduce maintenance, the vessel has 
(a) a top part (13), in which the partial post- 
combustion of said process gas takes place, in 
the form of a pressure-resistant hood having an 
interior wall (17) comprising cooling water pipes, 
and (b) a bottom part (14) for accommodating an 
iron bath having a slag layer in which said final 
reduction of said iron ore takes place, the bottom 
part having an internal refractory lining (15) and 
means (16) for water cooling the internal 
refractory lining. 
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(54) Apparatus for producing molten pig iron by direct reduction 

(57) Apparatus for producing molten pig iron by di- 
rect reduction of iron ore, comprises 

(i) a metallurgical vessel (1 3, 1 4), in which with sup- 
ply of coal and oxygen the iron ore undergoes a final 
reduction with production of a process gas and said 
process gas undergoes a partial post-combustion, 
and 



(ii) a melting cyclone (12) in which the iron ore un- 
dergoes a pre-reduction and is melted. To improve 
the control of the thermal flows and to reduce main- 
tenance, the vessel has 

(a) a top part (1 3), in which the partial post-com- 
bustion of said process gas takes place, in the 
form of a pressure-resistant hood having an in- 
terior wall (17) comprising cooling water pipes, 
and 

(b) a bottom part (14) for accommodating an 
iron bath having a slag layer in which said final 
reduction of said iron ore takes place, the bot- 
tom part having an internal refractory lining (15) 
and means (16) for water cooling the internal 
refractory lining. 




FIG. 3 
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Description 

FIELD OF THE INVENTION 

The invention relates to an apparatus for producing 
molten pig iron by direct reduction of iron ore, compris- 
ing a metallurgical vessel having means for supplying 
coal and oxygen thereto and in which the iron ore is fi- 
nally reduced and a partial post-combustion of process 
gas takes place, and a melting cyclone in which the iron 
ore is pre-reduced and melted before transfer to the 
metallurgical vessel. 

DESCRIPTION OF THE PRIOR ART 

An apparatus of the above type is known from NL- 
C-257692. A description of the CCF (Cyclone Converter 
Furnace) process to be carried out in such an apparatus 
is published in Steel Times International, part 17, no. 3, 
March 1993, Redhill, Surrey, GB, page 24 "Single vessel 
melting reduction using cyclone pre-reducer". In the 
Dutch patent 257692 the apparatus was described in a 
somewhat elementary fashion. Since then the applicant 
has obtained new and fuller insight into this technology. 

Other proposals for direct reduction of ore are to be 
found in US-A-3462263, GB-A-2100755, US-A- 
4076954 and EP-A-2091 49, but these in general do not 
give details of the furnace and of cooling required. 

In the case of an apparatus for the CCF process, 
several problems need to be solved. First, the pre-re- 
duced iron ore, FeO, is very corrosive especially in the 
area of the slag layer in the metallurgical vessel. Sec- 
ondly the slag layer has the tendency to start foaming 
badly, causing great differences in the level of the slag 
layer and consequently of the process conditions. Third- 
ly the oxygen and the coal should be supplied in a man- 
ner which is optimal for the process. 

SUMMARY OF THE INVENTION 

The object of the invention is to provide an appara- 
tus for the industrial application of the CCF process and 
which enables the process to be carried out with a low 
level of maintenance. 

According to the present invention, the metallurgi- 
cal vessel of the apparatus in accordance with the in- 
vention comprises: 

(a) a top part, in which the partial post-combustion 
of the process gas takes place, in the form of a pres- 
sure-resistant hood having an interior wall (e.g. a 
water-cooled pipe wall) comprising cooling water 
pipes for cooling the interior wall, and 

(b) a bottom part for accommodating the iron bath 
having a slag layer in which the final reduction of 
the iron ore takes place, the bottom part having an 
internal refractory lining and means for water cool- 
ing the internal refractory lining. 



The water-cooled refractory lining of the bottom part 
of the metallurgical vessel (converter) gives an accept- 
able service life, while the heat loss of the post-combus- 
tion in the top part of the metallurgical vessel is absorbed 
5 by the cooling pipes. 

Preferably, the top and bottom parts of said metal- 
lurgical vessel have, adjacent a mutual connection zone, 
a larger horizontal internal cross-sectional area than at 
respective zones above and below the mutual connec- 
tion zone, for accommodating the slag layer, which as 
mentioned may be voluminous. Thus the metallurgical 
vessel may be widest at the zone of the slag layer. 

The top and bottom parts may be readily detacha- 
ble. Thus the top part may have mounting means for 
holding it in its operational position, and the bottom part 
is detachable and removable from the top part which is 
held in its mounting means. Only the bottom part of the 
metallurgical vessel then has to be removed and if de- 
sired replaced. However, if the refractory lining of the 
bottom part has a sufficient life-time, this easy detach- 
ability of the bottom part from the top part is not required. 

Preferably the melting cyclone is mounted directly 
above the metallurgical vessel and is in direct open com- 
munication therewith, the flow path from the melting cy- 
clone to the metallurgical vessel in the downward direc- 
tion being essentially without narrowing of the flow 
cross-sectional area. This creates a very simple appa- 
ratus without internal conveyance losses. 

It is preferable for the water-cooled interior wall 
(pipe-wall) of the top part of the metallurgical vessel to 
be provided internally with a refractory sprayed coating. 
This protects the pipe-wall against any damage of a 
chemical, thermal and mechanical nature. 

It is likewise preferable if the refractory lining of the 
bottom part of the metallurgical vessel consists of a per- 
manent lining and a wear lining, and is provided with the 
water cooling at least in the zone of the slag layer. This 
blast furnace construction, while of itself well known, is 
a less usual construction for a converter, and prolongs 
the service life of the refractory lining at its most vulner- 
able point, i.e. in the zone of the slag layer. 

In a preferred embodiment the means for supplying 
oxygen to the vessel consist of a central lance, i.e. a 
lance extending vertically at a central region of the ves- 
sel. This allows the oxygen always to be supplied to the 
metallurgical vessel at the same place above the slag 
layer even when the level of slag layer varies. 

In another preferred embodiment the means for 
supplying oxygen consist of a plurality of lances project- 
ing laterally through the wall of the metallurgical vessel 
and during operation reaching over the top of the slag 
layer. This avoids any disrupting action of a central lance 
on the process in the melting cyclone. Preferably these 
lances for supplying oxygen are oriented as much as 
possible vertically, i.e. extend obliquely downward. This 
achieves the effect that the supply of oxygen to the met- 
allurgical vessel still takes place as much as possible in 
the same place above the slag layer as the level of the 
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slag layer varies. 

Preferably the means for supplying coal at least 
partly comprises at least one chute for lumps of coal, 
which projects through the wall of the top part of the met- 
allurgical vessel. In accordance with present under- 
standing, it is preferable for part of the coal to be sup- 
plied in the form of lumps and part in finely distributed 
or finely divided state. Consequently preferably the 
means for supplying coal comprises at least in part of at 
least one lance for supplying coal in finely divided state 
with the aid of a carrier gas, which lance preferably 
projects through the wall of the metallurgical vessel, so 
that during operation the lance preferably reaches into 
the slag layer. This achieves the effect that the coal is 
directly absorbed into the slag layer, allowing the final 
reduction to run better. 

Finely divided coal may be supplied via a lance us- 
ing a carrier gas. 

BRIEF INTRODUCTION OF THE DRAWINGS 

Embodiments of the invention will now be described 
by way of non-limitative example, with reference to the 
accompanying drawings, in which: - 

Figure 1 shows an apparatus for carrying out the 
CCF process in accordance with known prior art (the 
"Steel Times International" article described above). 

Figure 2 shows a first embodiment of an apparatus 
in accordance with the invention for carrying out the 
CCF process on an industrial scale. 

Figure 3 shows a second embodiment of an appa- 
ratus in accordance with the invention. 

Figure 4 shows the removal of the bottom part of 
the metallurgical vessel in the apparatus of Figure 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The apparatus in Figure 1 comprises a metallurgical 
vessel 1 of the converter type, a melting cyclone 2 and 
a central lance 3. The process is performed as follows. 
In the metallurgical vessel 1 there is an iron bath 4 with 
a slag layer 5 on top. Pre-reduced iron ore is finally re- 
duced in the slag layer. To this end oxygen and coal are 
supplied to the metallurgical vessel 1 by means of the 
central vertical lance 3. In the final reduction a process 
gas comprising reducing CO is produced that is partially 
post-combusted above the slag layer 5 in the metallur- 
gical vessel 1 , whereby heat needed for the final reduc- 
tion is released. The reducing process gas is further 
post-combusted in the melting cyclone 2 with oxygen 
supplied to the melting cyclone via inlet 6. Iron ore also 
supplied via inlet 6 is pre-reduced approximately to FeO 
and melted. The pre-reduced iron ore then falls or flows 
down into the metallurgical vessel 1. Pig iron and slag 
are tapped off via a tap hole 7. The process gas is dis- 
charged via an outlet 8. The process runs at a temper- 
ature ranging from 1500°C to 1800°C. The pressure in 



the apparatus is in the range between 1 to 6 bars. 

The apparatus of the invention shown in Figure 2 
performs the same process as that of Figure 1 , and need 
not be fully described again. The metallurgical vessel 1 1 
5 comprises a top part 1 3 and a bottom part 1 4. The top 
part 13 is in the form of a pressure-resistant hood or 
cover with a water-cooled pipe-wall on its inside. The 
bottom part 14 is provided internally with a refractory 
lining 15 with water cooling 16. The water cooling 16 
shown in Figure 2 is of the stave cooler type well known 
in itself for cooling blast furnace brickwork. The cooling 
arrangement is positioned above the iron bath 17 in the 
zone of the slag 1 8, in particular in the zone of the foam- 
ing slag 19. Figure 2 shows how, between its top and 
bottom ends, the metallurgical vessel 11 has a part 20 
with an enlarged cross-section in which the foaming slag 
19 is held. The metallurgical vessel 11 has a connection 
at 21 which permits the top part 13 to be released from 
the bottom part 14. 

Figure 2 shows coal being supplied by means of the 
chute 22 projecting through the wall of the top part 13 
of the metallurgical vessel 11. Oxygen is supplied by 
means of the lances 23 which project laterally through 
the wall of the metallurgical vessel 11 and which during 
operation extend to above the slag layer 18. In principle, 
the part 20 with an enlarged cross-section makes it pos- 
sible to position the lances 23 more vertically. Figure 2 
also shows how the iron melt 17 is being rinsed by gas 
24 supplied through the bottom of the metallurgical ves- 
sel 1 1 . The central lance 3 of Figure 1 may also be em- 
ployed in the apparatus of Figure 2. 

Figure 3 shows in specific aspects a more elaborat- 
ed embodiment of the apparatus in accordance with the 
invention. It is similar to the apparatus of Figure 2, and 
need not be fully described again. The melting cyclone 
12 is shown to have a large number of connections 25 
for the supply of iron ore and oxygen, which connections 
form an injection pattern enabling a high degree of pre- 
reduction of the iron ore to be achieved with a high col- 
lection yield in the melting cyclone. At the same time the 
figure shows how the melting cyclone is positioned di- 
rectly above the metallu rgical vessel 1 1 and in open con- 
nection with the metallurgical vessel 11 without any nar- 
rowing of the cross-section of flow in the downward di- 
rection. Figure 3 also shows how the top part 1 3 com- 
prises a pressure resistant hood 26, a water-cooled 
pipe-wall 27 and a refractory sprayed layer 28. The re- 
fractory lining 15 of the bottom part 14 of the metallur- 
gical vessel 11 consists of a permanent lining 29 and a 
wear lining 30, In Figure 3 the water cooling 16 is of the 
cooling plate type, which cooling arrangement is of itself 
known for blast furnace brickwork yet unusual for a con- 
verter. 

Figure 4 shows how the top part 1 3 of the metallur- 
gical vessel 11 together with the melting cyclone 12 is 
fixed with the aid of a support 3 above a well 31. The 
bottom part 14 of the metallurgical vessel 11, having 
been released, can be removed by lowering it using a 
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lift cylinder 32 and then using a carriage 33 taking it to 
position 34, whereupon the bottom part of the metallur- 
gical vessel 14 may be taken away as shown at 35 for 
repair of the refractory lining. After this, if so desired, a 
second ready prepared version of the bottom part 14 
may be fitted by the reverse sequence of steps. 

While the invention has been illustrated by two em- 
bodiments, it is not restricted to them, and variations and 
modifications are possible within the scope of the inven- 
tive concept. 



Claims 

1. Apparatus for producing molten pig iron by direct 
reduction of iron ore, comprising 

(i) a metallurgical vessel (13, 14), in which in 
operation of the apparatus the iron ore under- 
goes a final reduction with production of a proc- 
ess gas and said process gas undergoes a par- 
tial post-combustion, 

(ii) means (22) for supplying coal to said met- 
allurgical vessel, 

(iii) means (3,23) for supplying oxygen to said 
metallurgical vessel, and 

(iv) a melting cycbne (1 2) in which in operation of 
the apparatus said iron ore undergoes a pro-re- 
duction and is melted, said melting cyclone (12) 
being in communication with said metallurgical 
vessel (1 3, 1 4) for transfer of the pre-reduced iron 
ore thereto and for flow of the post-combusted 
process gas from the metallurgical vessel, 

characterised in that said metallurgical vessel 

has 

(a) a top part (13), in which said partial post- 
combustion of said process gas takes place, in 
the form of a pressure-resistant hood having an 
interior wall (27) comprising cooling water pipes 
for cooling said interior wall, and 

(b) a bottom part (14) for accommodating an 
iron bath (17) having a slag layer (18,19) in 
which said final reduction of said iron ore takes 
place, said bottom part having an internal re- 
fractory lining (15) and means (16) for water 
cooling said internal refractory lining. 

2. Apparatus according to claim 1 wherein said top and 
bottom parts (13,14) of said metallurgical vessel 
have, adjacent a mutual connection zone, a larger 
horizontal internal cross-sectional area than at re- 
spective zones above and below said mutual con- 
nection zone, for accommodating said slag layer 
(18,19). 

3. Apparatus according to claim 1 or 2 wherein said 



top part (1 3) of said metallurgical vessel has mount- 
ing means (30) for holding it in its operational posi- 
tion, and said bottom part (14) is detachable and 
removable from said top part held in said mounting 
5 means therefor. 

4. Apparatus according to any one of claims 1 to 3 
wherein said melting cyclone (12) is mounted di- 
rectly above said metallurgical vessel (13,14) and 
10 is in direct open communication therewith, the flow 
path from the melting cyclone to the metallurgical 
vessel in the downward direction being essentially 
without narrowing of the flow cross-sectional area. 

is 5. Apparatus according to any one of claims 1 to 4 
wherein said interior wall (27) of said top part of said 
metallurgical vessel is provided internally with a 
sprayed-on refractory coating (28). 

20 6. Apparatus according to any one of claims 1 to 5 
wherein said internal refractory lining (15) of said 
lower part (1 4) of said metallurgical vessel compris- 
es a permanent lining (29) and a wear lining (30) 
and said means (1 6) for water cooling thereof is ar- 

25 ranged to cool at least the zone thereof at which 
said slag layer (18,19) is formed in operation. 

7. Apparatus according to any one of claims 1 to 6 
wherein said means for supplying oxygen to said 

30 metallurgical vessel comprises a central oxygen 
lance (3). 

8. Apparatus according to any one of claims 1 to 7 
wherein said means for supplying oxygen to said 

35 metallurgical vessel comprises a plurality of oxygen 
lances (23) projecting laterally into the interior of the 
metallurgical vessel and extending over the top of 
said slag layer in operation. 

40 9. Apparatus according to claim 8 wherein said oxy- 
gen lances (23) extend obliquely downwardly to 
their discharge ends. 

10. Apparatus according to any one of claims 1 to 9 
45 wherein said means for supplying coal to said met- 
allurgical vessel comprises at least one chute (22) 
for supplying coal in the form of lumps, projecting 
through said internal wall of said top part of said 
metallurgical vessel. 

so 

11. Apparatus according to claim 1 wherein said means 
for supplying coal to said metallurgical vessel com- 
prises at least one coal lance (3) for supplying finely 
divided coal and a carrier gas therefor 

55 

12. Apparatus according to claim 11 wherein said coal 
lance (3) extends into the zone of said slag layer in 
operation. 
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